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Disclosure

• Over the past 2 years have received
research funding, honorarium for speaking
and/or consultation fees regarding cardiac
biomarkers from:
– Abbott, Bayer, Beckman, Biopure, Biosite, Dade,

i-STAT, MKI, Ortho, Roche, Response, Sensera



“Mere mortals may not fully
appreciate the complexity”..



Novel Risk Markers & Clinical Practice

• What should the clinician look for in reports to determine
implications for patient care
– measure (biomarker) should add independent information

about the risk or prognosis
– measure should account for a large proportion of the risk

associated with disease
– measure should be reproducible in multiple settings
– if measure is to be used as a diagnostic test, it should be

sensitive and specific

Manolio NEJM 2003



ACS, HF Biomarkers & Shareholders

– Laboratory Medicine
• NACB, IFCC, AACC

– Cardiology
• ESC, AHA, ACC

– Emergency Medicine
– Epidemiology

– Diagnostic Companies
– FDA, regulatory agencies
– Pharmaceutical
– Clinical Trials groups
– NIH

Hospital Based                                 Non Hospital Based



• Proinflammatory Cytokines
• IL-6, TNFa

• Plaque Destabilization
• MPO, MMPs

• Plaque Rupture
• sCD40L, PlGF, PAPP-A

• Acute Phase Reactants
• hs-CRP

•  Ischemia
• IMA, Choline, FFAu

• Necrosis
• cTnT
• cTnI

• Myocardial Dysfunction
• BNP
• NT-proBNP

Today

Tomorrow?

ClinChem 2005

Biomarkers: Triage, Diagnostics and Risk Stratification



Troponin

• Globular protein present in the thin myofilaments
– Involved in regulation of muscle contraction

• Different isotypes present in skeletal and cardiac muscle
• Troponin C - binds Ca++

– Identical in heart and skeletal muscle
• Troponin I – in absence of Ca++ binds to actin, inhibits actinomysin

ATPase induced contraction
– Cardiac and skeletal muscle isoforms

• Troponin T- links troponin complex (C, I & T) to tropomyosin
– Cardiac and skeletal muscle isoforms

 TnC

TnT

Tropomyosin

TnI Actin

AHH



Clinical Case

Altman LK. Counting the Vote: The Medical Report; Cheney is Likely to Recover Quickly, Hospital Says. New
York Times. Nov 23, 2000, Late Edition.  Section A, Page 35, Column 1.

59 yo male is awakened at 0300h with pain in his
chest and left shoulder.  PMHx significant for 3
prior MI (most recent, 1988) and prior 4V CABG
(1988).  He presents to the ED at 0430h, and is
initially treated with nitroglycerine and aspirin.

0430h: EKG, CK, CK MB, cTnI: All normal
0700h: EKG minor changes
0800h: Coronary angiography:  95% diagonal
stenosis.  LVEF = 40%.
1030h: Stenting of diagonal
1200h:   CK normal, CKMB & cTnI “minimally
elevated” on 2nd & 3rd samples

Diagnosis:  “Mild heart attack”



• “…any amount of myocardial damage, as
detected by cardiac troponins, implies an

impaired clinical outcome for the
patient.”



Biomarker Guideline Efforts
• National Academy Clinical Biochemistry (draft 2006)

– Clinical and analytical
– Cardiac troponin and natriuretic peptides (BNP)
– Point of Care (POC)

• International Federation Clinical Chemistry (2006)
– Clinical and analytical - quality specifications
– Cardiac troponin and natriuretic peptides (BNP)
– Future biomarkers (2005)

• ESC/ACC/WHO Global Task Force (2000, draft 2006)
– Clinical (and analytical)
– Cardiac troponin

• AHA collaboration Soc Chest Pain Centers (2005)
– Clinical: unstable angina/NSTEMI

• Cardiac troponin and CKMB



It’s Time For A Change To Troponin
ESC/ACC Redefinition for MI

 Cardiac troponins are the preferred markers for
diagnosis of myocardial injury; increases are not
synonymous with ischemic mechanism

 “Myocardial Infarction”- evidence of myocardial
damage (increased troponin) in clinical setting of
ischemia
 Sampling at admission, 3-6h, 6-9h, 12h

 Prognosis/risk of cardiac events is related in part
to the extent of increases of troponin in patients
with ischemic mechanism of injury

ESC/ACC/AHA - Circulation 2000; JACC 2000, EHJ 2000
2005 Global Task Force – Revised Update 
2005 NACB – Revised Update



Criteria: Biochemical Markers for
Detecting Myocardial Necrosis

• Increased cardiac troponin defined as measurement > 99th

percentile of reference group
– Maximum concentration of cTnI or cTnT exceeding the

decision limit (99th percentile for reference control group) at
least once during initial 24h after index event

• Goal for imprecision (%CV) at 99th percentile should be < 10%

ESC/ACC/AHA - Circulation 2000; JACC 2000, EHJ 2000
2005 Global Task Force – Revised Update 
2005 NACB – Revised Update



99th Percentiles N Dimension E lecsys cTnT Vitros Access 

Manufacturer 99th 0.07 0.01 0.08 0.03

ALL SUBJECTS 671 0.06 <0.010 0.1 0.08

Males 300 0.06 <0.010 0.24 0.10

Females 371 0.04 <0.010 0.090 0.04

    p-value 0.6 0.3 0.020 0.045

Caucasians 402 0.04 <0.010 0.110 0.07

African American 196 0.07 <0.010 0.29 0.12

            NS              NS             NS              NS

Reference Limit Study: Cardiac Troponin

Apple Clin Chem 2003
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99th Percentile: TnI = 0.063 at 10%CV 

Determining Reference Ranges: Assay Dependent Validation
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99th Percentiles N Dimension Elecsys Vitros Access 

Manufacturer 99th

  

  

Manufacturer 97.5th

Manufacturer 95th

ALL SUBJECTS 671 3.8 6.2 4.10 6.8

Males 300 5.1 7.6 4.60 9.3

Females 371 3.1 4.1 2.90 4.4
    p-value 0.0001 0.0001 0.0001 0.0001

Caucasians 402 3.2 6.1 4.10 6.6
African American 196 6.0 7.2 4.60 11.0

Tosoh  5.7 /  3.0
p 0.0001

Apple Clin Chem 2003

Reference Limit Study: CKMB mass

3.6
F 2.8 / M 4.9 3.4 3.8

4.0



Objectives - Quality Specifications of
Biomarker Assays

• Manufacturers endorse & consistently follow
• Package inserts to include uniform information
• Publication in peer-reviewed journals
• Encourage regulatory agencies to adopt a minimal

and uniform set of criteria for manufacturers to
provide when seeking clearance of assays

IFCC C-SMCD 2001



Quality Specifications  Troponin Assays

 Analytical Factors
 Antibody specificity – recognize epitopes in stable part of molecule

and equimolar for all forms
 Influence of anticoagulants
 Calibrate against natural form of molecule
 Define type of material useful for dilutions
 Demonstrate recovery and linearity of method
 Describe detection limit and imprecision (10%CV )
 Address interferents, i.e. RF, heterophile antibodies

 Pre-analytical Factors
 Storage time and temperature conditions
 Centrifugation effects – gel separators
 Serum – plasma – WB correlations

Clin Chem Lab Med 2001
IFCC C-SMCD



Postulate for Troponin Release

BoundBound

cTnI

FreeFree

cTnT

cTnI

cTnT

cTnC

cTnT-I-C

cTnT-C
?

cTnT

cTnI-C

CytoplasmCytoplasm BloodBlood

95-98 %

2-5 %

C and N terminal degradation

Phosphorylation

Oxidation, reduction



Degradation of Cardiac Troponin I in Human
Necrotic Heart Tissue and Serum (Clin Chem 1998)

Antibody Heterogeneity and Standardization Issues



Clin Chem 1999



Overview of Cardiac Troponin Assays
Assay LLD 99th WHO-ROC 10%*

Percentile Cutoff CV
Abbott ARCH 0.009 0.012 0.3 0.032
     AxSYM ADV 0.02 0.04 0.4 0.16
         **i-STAT 0.02 0.08 (WB) ND 0.1
Bayer   Centaur 0.02 0.1 1.0 0.35
             Ultra 0.006 0.04 0.9 0.03
Beckman Accu 0.01 0.04 0.5 0.06
**Biosite Triage 0.05 <0.05 0.4 NA
bioMerieux Vds 0.001 0.01 0.16 0.11
Dade RxL 0.04 0.07 0.6-1.5 0.14
          **CS 0.03 0.07 0.6-1.5 0.06
DPC Immulite 0.1 0.2 1.0 0.6
MKI Pathfast 0.006 0.01 0.06 0.06
Ortho Vitros 0.02 0.08 0.4 0.12
         ES (R&D) 0.012 0.032 0.12 0.053
**Response 0.03 < 0.03 (WB) ND 0.21
Roche Elecsys 0.01 <0.01 0.03 0.03
**Reader 0.05 <0.05 (WB) 0.1 ND
Tosoh AIA 0.06 0.06 0.31-0.64 0.06
•*Per manufacturer;  ** POC Assay
•Adapted - Apple Am Heart J 2002 Apple 2006



Cardiac Marker Scottish External QA Scheme
(EQAS) June 2005

11410.40.08Roche 3rd gen
91490.79DPC Immulite 2000
1122.00.14Tosoh AIA
208.90.44Dade CS
389.60.45Bayer Centaur
4110.50.16Beckman Accu
98.50.25Abbott Architect

N%CVMean
ng/mL

Method



Cardiac Troponin Assay Response to Positive
Human LiHep Plasma Specimen

Apple 2004
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Correlation for Commercial Troponin Assays
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Standardization Efforts

• AACC
– cTnI Standardization Committee

• National Institute Standards & Technology (NIST)
– CKMB mass Standardization Committee - completed

• IFCC - Committee on Standardization of Markers of
Cardiac Damage (C-SMCD)
– Institute of Reference Materials and Measurements (IRMM)

• Myoglobin in progress
• BNP/NT-proBNP – 2005 (NIST, IRMM)



Standardizing Assays ImpactsStandardizing Assays Impacts
Clinical PracticeClinical Practice Computer model of

complex crystal structure
of human protein cardiac
troponin (Graphic Courtesy

Protein Data Bank)
SRM 2921
for cTnI

Cooperative
effort

between
NIST, AACC

and IVD“

www.nist.gov



cTnI Harmonization
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Circulation 2006

LOD

Impact of Medical Decision Cutoffs



Troponin Medical Decision Cutoffs
Q wave, ST segment elevation MI

ROC --------------------------------------- NACB* cutoff 2 (1999)

 non-ST segment elevated MI    WHO cutoff (CKMB)
 unstable angina (1971,1994)

*99th -----------------ESC/ACC* cutoff (2000, 2005)
             AHA (2002); NACB (2005)

 normal, unstable angina 
97.5th-------------------------------------- NACB* cutoff 1 (1999)

 normal 

10%CV         -------------------------------10% Imprecision cutoff
          accounts for analytical & biological variability of assays

*Revisited 2005



8.8%66.1%12.9%12.2% (186%)
   (n=209)

99th

10.4%72.6%11.3%  5.7% ( 34%)
   (n=98)

10% CV

8.1%78.4%9.2%  4.2%
  (n=73)

ROC

cTnI-
MB +

cTnI -
MB -

cTnI +
MB +

cTnI +
MB -

Cutoff
Conc.

cTnI-, MB +  = false positives

Dade Dimension: ROC 0.6, 10%CV 0.4, 99th 0.1 ng/mL

Diagnostic Implications in 1719 Consecutive
ACS Admissions Based  On Cutoffs

Lin Clin Chem 2004
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6 of 1000 misclassification

Lack of Influence of Imprecision on Ruling Out MI for Cardiac Troponin



Cardiac Troponin (cTn) T or ICardiac Troponin (cTn) T or I
as Bridging Biomarkersas Bridging Biomarkers

•• Animal models with induced cardiac muscle injury show Animal models with induced cardiac muscle injury show
concordance with human concordance with human cTn cTn response inresponse in::

••  Cardiac tissue specificity  Cardiac tissue specificity

••  Onset, magnitude and duration of   Onset, magnitude and duration of cTn cTn responseresponse

••  Associated cardiac   Associated cardiac histologic histologic changeschanges

••  Commercial   Commercial cTnI cTnI immunoassays - variety of proprietaryimmunoassays - variety of proprietary
antibody reagents, antibody reagents, cTnT cTnT assays -uniform antibodyassays -uniform antibody
reagents, All: non-standardized reference materialreagents, All: non-standardized reference material



The ILSI-HESI Biomarkers Committee,
Cardiac (Troponins) EWG Initiative

•• Major Goals:Major Goals:
••     Analytical validation of selected Analytical validation of selected cTncTn assays, establishing degree of assays, establishing degree of

immunoreactivityimmunoreactivity, linearity, detection limit and imprecision of assays:, linearity, detection limit and imprecision of assays:
––  Rat, Beagle Dog,  Rat, Beagle Dog, CynomologusCynomologus and Rhesus monkey and Rhesus monkey

••    Biological Validation to establish diagnostic window for serum    Biological Validation to establish diagnostic window for serum cTncTn
with drug-induced with drug-induced cardiomyocytecardiomyocyte injury and examine the: injury and examine the:
–– correlation with cardiac histopathologycorrelation with cardiac histopathology
–– diagnostic advantage to measuring diagnostic advantage to measuring cTnIcTnI +/or  +/or cTnTcTnT
–– clearance rate of clearance rate of cTncTn in laboratory species in laboratory species
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ILSI-HESI Troponins Subcommittee: Analytical
Validation of cTn Assays

••  High cTn serum generated for each of the test speciesHigh cTn serum generated for each of the test species

•rat, dog, monkey
••Isoproterenol, norepinephrine or coronary artery ligationIsoproterenol, norepinephrine or coronary artery ligation

••High, medium and low Tn(+) linear dilutions, and negative serumHigh, medium and low Tn(+) linear dilutions, and negative serum
pools evaluated on: pools evaluated on: 

•• Abbott Architect cTnIAbbott Architect cTnI
•• Bayer Centaur cTnIBayer Centaur cTnI

••  Beckman Access cTnIBeckman Access cTnI

•• DPC Immulite cTnIDPC Immulite cTnI

•• Dade Dimension RxL cTnIDade Dimension RxL cTnI

•• Ortho-Clinical Diagnostics Vitros ECi cTnIOrtho-Clinical Diagnostics Vitros ECi cTnI

•• Roche Elecsys 2010 cTnTRoche Elecsys 2010 cTnT

•• Tosoh AIA 600 II cTnITosoh AIA 600 II cTnI

•• Species-specific TnI EIA [Life Diagnostics]Species-specific TnI EIA [Life Diagnostics]



Cardiac Troponin Assay Response to
Positive Human LiHep Plasma Specimen

Apple 2004
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FDA Cleared Cardiac Troponin Assays
LLD 99th

cTn Assay (ng/mL) Percentile 10% CV
Abbott Arch 0.008     0.017    0.032
Bayer  Centaur 0.02          0.07  0.35
Beckman Access 0.01   0.04  0.06
Dade RxL 0.04   0.07  0.14
DPC Immulite 0.2 0.2 0.6
Ortho Vitros 0.02   0.08   0.12
Roche Elecsys 0.01   0.01   0.03
Tosoh AIA 0.06 <0.06   0.06

Species EIA
Dog 0.156*
Monkey 0.156*
Rat 1.56*
* lowest standard Apple 2004



Analytical Validation Phase 1B
• To evaluate the imprecision of 7 cardiac troponin assays for 4 animal

species/strains
• Negative & high troponin serum pools for each species supplied by HESI

Troponin Working Group
• Targeted Troponin serum pools (A-E) created over approximate range 0.8, 0.4,

0.2, 0.1, 0.05 ng/mL, prepared using Dade Dimension RXL cTnI assay
• Each pool analyzed 10 times  (in duplicate) over 10 working days
• Pools were created for each species to span the critical range of the assay



Detection of MI: cTnI vs. CK-MB & Myoglobin
Utilizing 99th Percentile Cutoff Concentration

Eggers Am Heart J 2004



Prediction of Death/AMI by TnI in ACS

cTnI AccuTnI, µg/L
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Summary - Cardiac Troponin
• Troponin-omics- cardiac troponin is here to stay…

• Second and third generation  cTnI and cTnT assays  are analytically
and clinically acceptable
– Detection of myocardial injury
–   Aid in diagnosis of myocardial infarction
– Risk stratification

• We need to do a better job at defining “what is normal”

• Preanalytical & analytical issues continue to perplex assays
– Challenge the reliability of potential new biomarkers

• Educational struggle for all users: industry, pharma, clinicians and
laboratorians to understand use of troponin
– KNOW YOUR ASSAY


